Three rare cases are presented that showed a peculiar set of eye movement disorders in the course of Fisher's syndrome, that is, eye movements similar to internuclear ophthalmoplegia, but with restriction of abduction instead of adduction. Characteristics of the abnormal eye movements are summarized as 1)
Introduction
Internuclear ophthalmoplegia (INO), caused by a lesion in the medial longitudinal fasciculus (MLF) and most common in patients with multiple sclerosis ( Saccade velocity was reduced in adduction of the left eye (Fig. 4b) . Caloric responses were normal. Her pupils were anisocoric (left>right), mydriatic, and non-reactive. Her hearing was normal. Cranial nerve functions were normal except for the concerning eye movements described. Muscular strength was normal. She showed mild but apparent truncal ataxia. Deep tendon reflexes were absent. Lumber puncture was rejected by the patient. Routine blood tests were negative including anti-viral antibody titers. Her neurological disorders were clinically diagnosed as Fisher's syndrome. Her symptoms gradually subsided without treatment, adducting saccadic velocity of the left eye was improved (Fig.   4b) , and abduction ranges became normal (Fig. 3b) .
No neurological disorders were found two months However, this combination of disorders cannot be considered a mere chance association, since it was observed not in a single patient but in three and it persisted for several weeks. The most important point in this combination is the discrepancy of velocity and range in the impairment of duction eye movements. Normally, when an eye movement is impaired, saccade velocity is reduced first, and restriction of the range follows. With our patients, velocity and range seem to be impaired separately; the saccade velocity was impaired only in adduction, and the range of movement was impaired only in abduction. Reports on such eye movement disorders have not been seen in the literature. Hypothetical explanations of the mechanisms underlying these disorders are as follows.
Possible mechanism for the dissociated nystagmus and overshooting Increased convergence tone, in compensation for impaired adduction, was hypothesized as one of the mechanisms causing the dissociated nystagmus in INO101. However, this is unlikely to be the cause with our patients, because convergence was impaired in case 2 and because increase in the convergence tone itself may not be expected in the presence of restriction of abduction, rather than adduction.
In cases with INO, dissociated nystagmus and overshooting of the abducting eye are explained as results of increased neuronal signals to the abducens muscle, caused by a compensatory mechanism for impairment of adduction. In the case of adduction palsy, increase of signals occurs not only in the medial rectus of the ipsilateral adducting eye but also in the abducens of the contralateral abducting eye, due to Hering's law of equal innervation. In our patients, the conditions were the other way round. As with INO, neuronal signals were increased in both eyes due to Hering's law, as a result of compensatory mechanisms for restricted abduction. The reason why the dissociated nystagmus and overshooting were not observed in the adducting eye but in the abducting eye might be that the preservation of phasic (fast) movements is essential for invoking these abnormal movements. For, in our patients, phasic eye movement was impaired in adduction and tonic (slow) eye movement or eyeholding capability was impaired in abduction.
Possible mechanisms for the interesting combination: restriction of abduction and slowing of adduction Disinhibition of the medial rectus was hypothesized to explain eye movement disorders in INO by using the pulse-step model, in which lack of inhibition on the medial rectus contralateral to the lesioned MLF caused disturbed, incorrect relationship between the pulse and the step, resulting in abnormal saccades. Computer-simulated abducting saccade model required failure of inhibition in the medial rectus to reproduce the characteristic saccadic trajectories in INO with durations shorter than expected and peak velocities higher than expected for a given saccadic amplitude. This hypothesis can explain the restricted abduction seen in our patients, at least to some extent. From this hypothesis, not only excitation but inhibition is impaired in the medial rectus, disturbing its full relaxation. However, such involvement of supranuclear inhibitory neurons assumes a central disorder in Fisher's syndrome and another problem is that inhibitory neurons running in the MLF are still hypothetical. 
